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Background: In spite of its industrial usefulness and varied daily uses, lead (Pb) pollution is a widespread ecological problem that faces the humans in the 21 th century. Pb was found to produces a wide range of toxic effects including neurotoxicity especially to the developing and young offspring. Recently, the utilisation of herbal plants has received a significant attention where there has been rising awareness in their therapeutic use; among these is the garlic. In light of the above, the current study is designed experimentally in female pregnant rats in order to investigate the beneficial role of garlic extract in the protection from the maternal and foetal cerebellar damage produced by administration of different doses of Pb during pregnancy.

Materials and methods: Positively pregnant female rats were divided into five groups; one control group, two Pb-treated groups (exposed to 160 and 320 mg/kg b.w. of Pb, respectively) and two groups treated with both Pb and garlic (exposed to Pb as previous groups together with 250 mg/kg b.w./day of garlic extract). Treatments started from day 1 to day 20 of pregnancy, where the mother rats of different experimental groups were sacrificed to obtain the foetuses. Pb level in the maternal and foetal blood and cerebellum was estimated by spectrophotometry. Specimens of the cerebellum of different mother and foetal groups were processed to histological and immunohistochemical staining for microscopic examination.
Results: The results showed that administration of Pb to pregnant rats resulted in a dose-dependent toxicity for both mothers and foetuses in the form of decrease in maternal weight gain, placental and foetal weights, brain weight and diminished foetal growth parameters, which were prominent in rat's group treated with larger dose of Pb. In Pb-treated rats, Pb level in blood and cerebellum was high when compared with the control group. The histopathological examination of the cerebellum of treated dams and foetuses showed marked alterations mainly in the form of Purkinje cell degeneration and lack of development of foetal cerebellum.
Co-treatment of garlic extract along with Pb resulted in a significant decrease in
Pb levels as compared with those treated with Pb alone with improvement of the histopathological changes.
INTRODUCTION
Lead (Pb) is a common environmental and industrial pollutant that has been detected in all phases of environment and biological systems. Pb is a useful metal in life where it is used in many industries; however, it is considered as one of the most toxic heavy metals for humans and animals that affects various systems in the body [35] . Pb can enter body mainly via eating, drinking or inhalation, where its absorption occurs primarily in the gastrointestinal and respiratory systems and once ingested, it is carried in blood and transported to many tissues such as kidneys, liver, bones and brain [39] .
Lead (Pb) is known to be highly neurotoxic agent affecting both central and peripheral nervous systems. The effects on the peripheral nervous system are more pronounced in adults, while the central nervous system (CNS) is more prominently affected in children [31] . It was reported that the brain is a susceptible target to Pb toxicity because of its high myelin-associated content, which makes it vulnerable to peroxidative reactions resulting in myelin sheath fragmentation and reactive astrocytosis [36] . Moreover, Pb intoxication is considered as a potential factor in brain damage, mental impairment, behavioural abnormalities, neuromuscular weakness and impaired cognitive functions in experimental animals [44] . Also, it was reported that Pb can disrupt the main structural components of blood brain barrier by damaging endothelial, glial cell and affecting the formation of tight junctions between barrier cells [26] .
Developmental toxicity of Pb has recently emerged as a potentially large public health problem for children and women of childbearing age because the foetus is particularly vulnerable to the environmental toxicants [18] . Prenatal Pb exposure produces toxic effects in the human foetus, including increased risk of preterm delivery, low birth weight, and impaired mental development, because during the period of early organogenesis, the onset of greatest susceptibility to teratogenesis occurs [14] . However, the greatest adverse effects are seen during the latest stages of brain development, suggesting that Pb may interfere with the apoptotic process and synaptic connections [30] . Also, in vivo and in vitro studies have shown that Pb may disrupt the blood-brain barrier by injuring astrocytes, with a secondary damage to the endothelial microvasculature [22] .
Recently, there has been increased interest in the therapeutic potential of medicinal plants as antioxidants in reducing free radical-induced tissue injury as many synthetic antioxidants have been shown to have some side-effects [10] . Numerous herbal supplements have become increasingly popular in recent years; among these is the garlic [29] . Garlic (Allium sativum) is a versatile vegetable used as ingredients in many dishes for flavour and taste enhancement. Its active agent is allicin, which imparts its characteristic odour as well as medicinal properties [41] . Garlic is credited to have remarkable therapeutic and pharmacological properties, e.g. antimicrobial, antithrombotic, antihypertensive, antiatherosclerotic, antihyperglycaemic and anticancer [25] . Also, it is known that garlic acts as an antioxidant by enhancing cellular antioxidant enzymes and inhibits lipid peroxidation [40] . Also, many studies have reported the prophylactic efficacy of garlic extract in reducing the Pb burden from various tissues, e.g. liver, kidneys, blood and bone [37] .
A lot of the useful health-associated features of garlic have been attributed to its main effective element organosulphur substance "allicin" (thio-2-propene-1-sulphinic acid S-allyl ester). Allicin is produced during the crushing of garlic by means of the reaction of alliin, a non-protein amino acid, along with the pyridoxal phosphate-containing enzyme, alliinase [25, 40] .
In the view of the above, the present study was designed experimentally in female rats in order to investigate the neuroprotective role of garlic extract in the protection from the maternal and foetal cerebellar damage produced by Pb administration during pregnancy.
MATERIALS AND METHODS
Ethical approval
This study was conducted after approval by the Medical Research Ethics Committee of the Faculty of Medicine, King Abdulaziz University, Jeddah, Saudi Arabia, which is in accordance with the guidelines of the National Institute of Health Guide (National Institute of Health Publications No. 80-23, Revised 1978) for the care and use of Laboratory Animals for experimental procedure.
Chemicals
Lead acetate (PbAc) pure crystals with molecular weight of 379.33, Sigma-Aldrich Chemicals Co. (St. Louis, Missouri, USA) and other chemicals and staining reagents used in this study were purchased through local scientific agents in Jeddah.
Preparation of garlic extract
Garlic was purchased from local markets in Jeddah. Aqueous garlic extract was prepared according to the method used by Ide and Lau [21] . Briefly, fresh garlic bulbs were separated, peeled and washed with distilled water. After drying in a shed, the clean garlic bulbs were crushed with an electric grinder. The homogenate was centrifuged in cold at 3,000 rpm for 5 min to remove any debris and the extract was decanted carefully through muslin cloth.
Animals and experimental work
Adult, sexually mature nulliparous female SpragueDawley albino rats (weighing 200-225 g at the beginning of the experiment) were used in this study. They were obtained from the Animal House of King Fahd Medical Research Centre (KFMDC). This study was approved and registered by the Committee of Animal Investigations, Faculty of Medicine, King Abdulaziz University. During the study, the female rats were kept in separate metallic cages under standard temperature (24 ± 2ºC), humidity (55 ± 5%) and lighting (12 h:12 h, light:dark) conditions. They were fed a standard chow diet ad libitum and had free access to water. Mating procedure was assisted by placing the individual females overnight in the home cage of a singly-housed male of the same stock. Gestation was confirmed by positive identification of spermatozoa in a vaginal lavage smear and is designated as gestation day 0 (GD0) with subsequent days of gestation were numbered accordingly [3] . Positively pregnant females were only chosen and randomly divided into the following five (8 rats) groups: -Group I -the female rats were treated with deionised water only from GD 1-20 of pregnancy (control group); -Group II (L160) -the female rats were given 160 ppm of Pb acetate (PbAc) through oral gavage once a day from GD 1-20 of pregnancy; -Group III (L160+garlic) -the female rats were given 160 ppm of PbAc plus garlic extract (250 mg/kg b.w.) by oral gavage once a day from GD 1-20 of pregnancy; -Group IV (L320) -the female rats were given 320 ppm of PbAc by oral gavage from GD 1-20 of pregnancy; -Group V (L320+garlic) -the female rats were given 320 ppm of PbAc plus garlic extract (250 mg/kg b.w.) by oral gavage once a day from GD 1-20 of pregnancy. Pb solution was prepared by dissolving PbAc in acidified distilled water in concentrations of 0.1 and 0.2% (w/v), containing 160 and 320 ppm of Pb respectively [45] . The PbAc solution was prepared every 2 days to minimise the Pb precipitates [13] .
Evaluations of pregnant rats and foetuses
The pregnant female rats of each group were daily observed throughout gestation for mortality and morbidity and body weight gain following treatment. On day 20 of gestation, under ether anaesthesia, blood samples were collected from pregnant rats of different groups and centrifuged at 3000 rpm for 15 min to separate the sera which were stored at -80°C. Then, the abdominal cavity was opened and the full extent of both uterine horns was exposed where the foetal position and number of live and dead foetuses were recorded. Then, the foetuses and placentas were gently removed and weighted separately. The heads of mother rats and foetuses of different groups were opened where the cerebellum of mother rats and foetal brains were quickly extracted and weighed. All extracted specimens were divided sagittally into two halves; the right halves were fixed in 10% neutral buffer formalin for histological and immunohistochemical study and left halves were frozen and stored at -70°C.
Measurement of Pb levels in the blood and brain tissues
The collected blood samples from female mother rats as well as cord blood of different experimental groups were added to HNO 3 Suprapur (E. Merck), centrifuged at 15,000 rpm for 15 min, and aliquots were taken from the clear solution and diluted (1:5 v/v) with deionised water. The left halves of the cerebellum from rat mothers and whole brain of foetuses and placenta of different groups were carefully weighed and placed in the polypropylene tubes and digested in 1 mL of concentrated HNO 3 Suprapur in a shaking water bath at 60 o C for 30 min. This led to homogeneous dispensing of brain tissues in semisolid form, which enables the analysis of Pb even if complete destruction of organic matter is not there [45] . After digestion, aliquots were taken from the clear solution and diluted (1:5 v/v) with deionised water. Pb levels were measured using graphite furnace atomic absorption spectrophotometer (GFASS, Perkin-Elmer Model 3030) at King Fahd Medical Research Centre, King Abdulaziz University. Results were expressed as µg of Pb/dL blood and Pb in brain and placenta was expressed as µg/g tissue weight.
Histological and immunohistochemical methods
The fixed right halves of the maternal and foetal brains of different experimental groups were dehydrated, cleared and embedded in paraffin and then sections of 5 µm thickness were cut. Some sections were stained with haematoxylin-eosin (H&E) for general examination [34] . Other sections were immunohistochemically stained with modified avidin-biotin peroxidase technique for anti-glial fibrillary acidic protein (GFAP) to examine the astrocytes. Briefly, deparaffinised and rehydrated sections were treated with 0.01 M citrate buffer (pH 6.0) for 10 min to unmask antigen and then incubated with a monoclonal antibody against GFAP (1:100 monoclonal mouse anti GFAP) (purchased from DAKO Agilent Technologies Company, Sigma, St. Louis, Missouri, USA) for 18-20 h. This stain is specific for the intermediated filaments fibrillary acidic protein found in astrocytes and not found in nerve cells and even other types of glial cells, such as microglia or oligodendroglia. Detection of the antibody was carried out using a biotin-streptavidin detection system with 0.05% diaminobenzidine as a chromogen (Amersham, Little Chalfont, UK) and counterstaining was done with haematoxylin [32] . GFAP positive cells appeared brown and nuclei appeared blue. The positive results were indicated by brown coloration of the cell membrane and cytoplasm of the astrocytes [33] . Finally, all slides were examined with an Olympus BX53 microscope equipped with camera (Olympus, Tokyo, Japan) at different magnifications.
Statistical analysis
All the data were presented as mean ± standard deviation of studied parameters from different groups. Data were analysed using a one-way analysis of variance (ANOVA) followed by Bonferroni's post hoc test or Student's t-test, wherever applicable. All statistical analyses were done using the Statistical Package for the Social Sciences (SPSS, USA). The values of p < 0.05 were considered significant.
RESULTS
Maternal findings
In general, during the experiment, no pregnant female were aborted or died and there was no effect of the treatment on the duration of pregnancy. As represented in Table 1 and Graph 1, there was a significant reduction in both maternal weight gain and placental and cerebellum weights in Pb-treated groups when compared with the control group, which was more marked in larger Pb dose. Also, it was noticed that the co-administration of garlic extract improved this effect.
Foetal findings
As seen in Table 2 and Graph 2, the Pb-treated groups displayed a reduction of foetal weight as well as brain weight when compared with the control group, which was more marked in larger Pb dose; and the co-administration of garlic extract along with Pb improved these effects.
Maternofoetal lead analysis
The data in Table 3 and Graph 3 showed that there were parallel and significant increases in the mean values of Pb concentrations in the maternal blood and cerebellum, placenta and foetal brain in Pb treated groups when compared with control group; being higher in larger Pb dose. Also, co-administration of garlic extract along with Pb resulted again in reduction in Pb levels in these organs towards the control values. Analysis showed that Pb content in foetal brain was positively correlated with placental Pb level, which indicates the role of the placenta in Pb transfer to the foetus.
Histological results
Examination of cerebellar cortex from mother rats of the control and garlic treated groups (Fig. 1) pro-duced the same histological and immunohistochemical findings. In general, the normal architecture in the form of folia covered by a layer of pia matter was shown. Each folium contained a central core of white matter covered by an outer cortical grey matter; the cerebellar cortex, which was composed of three layers: an outer molecular layer (ML), a middle Purkinje cell layer (PL) and an inner granular cell layer. The molecular layer contained nerve fibres and few cells in the form of superficially located small stellate cells and deeper basket cells. The Purkinje cell layer was composed of a single row of cells along the outer margin of the granular layer. These cells have a large flask shaped cell body with apical dendrites that were arborising into the overlying molecular layer and they have basophilic granular cytoplasm and large vesicular central nucleus with prominent nucleolus. The granular layer was composed of clusters of small packed rounded cells with deeply stained nuclei that separated by small acidophilic areas. Immunohistochemical staining showed GFAP positive astrocytes; they appeared small with thin few processes in the granular and molecular layers.
Examination of cerebellar cortex of rats from Pb-treated groups (Figs. 2 and 3) showed that the most affected layer was the PL. In low dose Pb-treated group, there was irregular arrangement and wide ANOVA test with Bonferroni post-hoc test: a P < 0.01 compared with control group; b P < 0.001 compared with control; c P < 0.0001 compared with control; d P < 0.01 compared with L160 group, e P < 0.01 compared with L160 + garlic group ANOVA test with Bonferroni post-hoc test: a P < 0.01 compared with control group; b P < 0.001 compared with control; c P < 0.0001 compared with control; d P < 0.01 compared with L160 group; e P < 0.01 compared with L160 + garlic group Table 3 . Effect of gestational lead (Pb) and garlic administration on maternofoetal Pb concentrations (mean ± standard deviation) ANOVA test with Bonferroni post-hoc test: a P < 0.01 compared with control group; b P < 0.001 compared with control; c P < 0.0001 compared with control; d P < 0.01 compared with L160 group; e P < 0.01 compared with L160 + garlic group separation between Purkinje cells with distortion in their shape and diminished dendrites into the outer molecular layer compared with the control group. However, other neurons including granular cells were spared. In high dose Pb-treated group, there was worse picture of PL compared to the control and 160 mg Pb-treated groups, where there was apparent decrease in the number of Purkinje cells with some cells were fallen off leaving empty spaces while other cells appeared shrunken with a darkly stained cytoplasm and hardly identified nuclei. Also in some Purkinje cells, the nuclei appeared irregular and dark with empty spaces around them or irregular, shrunken Purkinje cells with eosinophilic cytoplasm with surrounding perineuronal vacuolation (spongiosis of the neuropil) were seen. Moreover, some Purkinje cells showed eccentrically located nuclei, others showed pyknotic nuclei, karyorrhexis or even karyolysis. Immunohistochemical staining showed GFAP-positive astrocytes that were more abundant and appeared larger in the three cerebellar cortical layers. This was more obvious in the high dose Pb-treated group. Examination of cerebellar cortex of rats of Pb and garlic treated groups (Fig. 4) showed monolayer arrangement of Purkinje cells with mild disorganisation. Most of Purkinje cells appeared normal, while occasional cells were still shrunken and deeply stained. Some of them were surrounded by vacuolated cytoplasm. The molecular and granular layers were more or less similar to the control. Some cells showed a slightly elongated appearance. Immunohistochemical staining for GFAP showed that GFAP-positive astrocytes that were more Examination of foetal brains at GD20 from the control as well as garlic treated groups (Fig. 5) showed nearly the same histological and immunohistochemical findings, where the developing cerebellum at this foetal stage was formed of a solid mass present in the dorsal part of the hindbrain without showing any foliation or fissures. The primitive cerebellum showed normal cellular architecture which consisted from outside inwards of three main layers: external granular layer (EGL) and Purkinje cell layer (PL) and a molecular layer (ML). The EGL was formed of densely aggregated neuroepithelial cells (bordering the lateral recess of the fourth ventricle and considered as the germinal zone of the cerebellum), which were oval or rounded in shape with darkly stained nuclei. The ML was relatively thick layer with deeply stained cells of different shape and size. The PCL was formed of several-cell-thick layers progressively lining up beneath the spreading EGL and could be observed mixed together with the underlying cells of ML. The immunohistochemical examination of GFAP-stained sections of foetal cerebellum demonstrated either negative or very little GFAP positive cellular reaction, which were scattered in the superficial layers of the EGL.
Groups
Examination of foetal brains at GD20 from the Pb-treated groups (Fig. 6) showed variable degrees of histopathological changes. In general, in low dose Pb-treated group the picture did not differ from that of the control group. However, in foetuses from the high dose Pb-treated group, there was a decrease in the size of primitive cerebellum as compared with the control. The cerebellar cortex showed apparent dispersion of its layers with the presence of cavitations and extracellular oedema. The EGL was thin in comparison to the control; its cells had small, rounded and deeply stained nuclei. The primitive PCL showed degeneration and loss the architecture, with diffusely distributed cells that failed to establish the typical monolayer; few of them were shrunken and deeply stained. The examination of GFAP-stained sections of foetal brain Examination of foetal brains at GD20 from Pb-and garlic-treated groups (Fig. 7) showed a picture more or less similar to that of the control group regarding the cerebellar size and EGL thickness. Similarly, the appearance of migrating cells through the molecular layer of the developing cerebellar cortex was the same as in control foetuses. Also, the Purkinje cells were seen lining up beneath the spreading EGL and could be observed mixed together with the underlying cells of ML. The immunohistochemical examination of GFAP-stained sections of foetal cerebellum from this group showed reduction in the number of GFAP immunoreactive astrocytes.
DISCUSSION
Up till now, the Pb toxicity still is a major environmental health problem especially for children and pregnant women [2] . However, the effects of Pb on pregnancy and the foetus are complex and incompletely understood. Both mother and foetus could be affected by Pb exposure, with harmful acute and prolonged consequences. Pb crosses the placenta where there is a high correlation between maternal and umbilical cord blood Pb levels, thus exposing the foetus to increased risk of neurotoxicity [7] . Also, it is worthy to mention that, Pb exposure during gestation and early childhood has been reported to cause a variety of toxic effects in both human and animals [7, 26] .
In this regard, pregnant women are at increased risk of Pb exposure to their foetus, where there are clear evidences indicating that Pb exposure during pregnancy has strong association to impairment of cognitive, behavioural development and neuromuscular functions [19] . Foetuses and young children are especially vulnerable to the neurological effects of Pb, as the brain is in a state of intense cellular proliferation and rapid growth and because of the immaturity of blood-brain barrier which leads to greater absorption of Pb [26] .
In the present study, the oral Pb administration to female rats at a dose of 160 and 320 mg/kg b.w. during pregnancy induced significant decrease in the body weight gain and brain/body weight ratio and foetal body weight when compared with control animals, which was dose-dependent. These results were explained by the fact that Pb induces reduction of food and with previous studies which showed that the newborn infants' blood Pb was reflection to that of the mother [38] . Results from the present research indicate that dam Pb exposure not only produced an increase in Pb in foetus blood and placenta, but it also elevated the Pb in the brain of the developing foetus [11] . In accordance, previous studies indicated that Pb was highly concentrated in brain, placenta and umbilical cord and it was believed that Pb level in the placenta and umbilical cord could be good biomarkers of foetal Pb exposure [45] .
It was reported that the toxic effects of Pb on the foetal brain are probably the most important and thoroughly studied consequence of intrauterine Pb exposure. This detrimental effect of even mildly elevated Pb levels has been well documented [11] . Also, in accordance, some other studies mentioned that the foetuses from pregnant rats exposed to low Pb level (0.01% and 0.05% w/v orally for 45 days) displayed higher foetal brain Pb levels [37] .
Histopathologically, in the present study, there was various degrees of structural damage of the maternal and foetal cerebellum of Pb treated groups, which was more obvious in high dose of Pb. The cerebellum is one of the first structures of the brain to differentiate; however, it achieves its intake [5] . Similar observations have been reported by Zhang et al. [46] who mentioned that rats treated with Pb acetate 1 g/L drinking water for 8 weeks displayed a significant decrease in body weight compared with the control group. Also Afifi and Embaby [4] reported that Pb produced a statistically significant decrease in the weight of the pups and their brain at post-natal days 0 and 21 of dams who consumed drinking water containing 300 mg/L Pb [15] .
The current results showed significantly elevated maternal blood Pb levels of the Pb-treated groups, which was more significant in higher dose of Pb. Parallel to these results, a previous study of Attia et al. [6] revealed that Pb blood level of adult mice administered 0.5% Pb acetate solution in drinking fluid for 30 days was 100-125 µg/dL, which is a clinically toxic level. The current investigation showed that there is a correlation between maternal and umbilical cord blood Pb levels; these results strengthen the idea that Pb could freely cross through the placenta in a dose-response manner. It was reported that the placenta cannot prevent the foetus from exposure to Pb, as this metal is able to cross the placental barrier easily [16] . Our results also are in line with study of Wang and Wang [see 8] that compared the umbilical cord blood Pb and maternal blood Pb levels Our results were consistent with the previous findings of Iciek et al. [22] who reported cerebellar cortical damage including diffuse vacuolar degeneration, degeneration of the cerebellar Purkinje cells and cell loss after exposure to high levels of Pb. The loss of Purkinje cells was evidenced by decrease in their numbers as shown by our morphometric data. Morphological changes observed in cerebellar tissue in the present study are supported by previous findings which showed changes in the cerebral cortex following Pb exposure [38] . Also, previous studies have indicated that Pb can be highly concentrated in the brain, placenta, and umbilical cord [45] ; however, the cerebellum seems to be the preferable site for Pb deposition, causing neurotoxicity and cellular damage. This has been seen in a number of animals in the form of lack of stability and balance, tremors, gait disturbances and muscle weakness [27] , which was explained on the basis of selective architectural alterations within the Purkinje cells attributed to their degenerative process [8] . It is known that the Purkinje cells are the predominant output regulator of the cerebellar cortex [4] .
Our study showed that intrauterine Pb exposure revealed degeneration and reduced differentiation of the cerebellar cortex. In accordance to our results, it was reported the intrauterine exposure to Pb adversely affects cellular proliferation and differentiation and synaptic growth of the brain. Foetal exposure to Pb may also result in mental retardation, movement disorders, and renal dysfunction [9] . Also, in accordance, some studies have reported that Pb exposure during embryonic development induces cortical and cerebellar damage in newborn rats and in the developing rat hippocampus. These effects may well be indicative of foetal abnormalities, as Pb interferes with various proliferative and apoptotic pathways [16] .
In the present study, increased GFAP-positive astrocytes were found in the maternal brains of Pb treated groups as compared with the control animals. In accordance, some studies have described an elevated GFAP content in various regions of the brain tissue after Pb exposure, which was mainly in the hippocampus and the cerebellar cortex. Accordingly, the determination of GFAP expression could possibly be a suitable marker to figure out neurodegenerative alterations [17] . It was reported that the developed gliosis in the Pb-treated rats could be caused by the creation of free radicals and antioxidants may minimise such a reactive gliosis, probably through reduction of the hazardous impact of mature configuration many months after birth. For this reason, the cerebellum is especially vulnerable to developmental damages on exposure to oxidative stress [12, 20, 23, 28, 42] . reactive oxygen species in the CNS [33] . Another study described that allicin alters the GFAP content in various brain regions and has a principal neuroprotective influence in minimising neuroglia injury in the CNS [9] ; in such a basis, the usage of garlic in the current study diminished GFAP expression in rats' cerebellum.
In the recent decades, a greater attention has been paid to the herbal medicine even in well developed countries due to their few side effects and lower costs [20] . A number of clinical studies have suggested that the antioxidants in fruits and vegetable are key factors in reducing the incidence of many chronic diseases [29] . Garlic is a medicinal plant that has been ascribed to have outstanding therapeutic properties. Its active agent is allicin, which imparts its characteristic odour as well as medicinal properties. Garlic can prevent oxidative stress by scavenging the reactive oxygen species and enhancing cellular antioxidant enzymes [41] .
In the present study, the female rats that were treated with garlic along with Pb-exposure showed improved structural changes of the cerebellar cortex and recovery of Purkinje cells [23] . In accordance, previous studies have reported the ameliorative role of garlic and its role in enhancing elimination of Pb-induced toxicity [24] . Also, it was reported the protective effect of garlic against Pb-induced neurotoxicity in rats by improving the levels of various biomarkers of oxidative stress in different regions of the brain [1] . Similarly in this study, garlic co-treatment results in significant increase in antioxidant enzyme activities in the brain of Pb treated rats, which is in agreement with the report of Valko et al. [43] who reported similar finding after lead treatment [24] . Furthermore in many previous studies, it was stated that the garlic contains sulphur-containing compounds which have prophylactic efficacy in reducing the Pb burden from variable tissues [28] .
Limitations of the study
The limitations of this study are due to the number of animals that might be larger and the use of two different doses of lead. Also, the use of immunostaining for the morphology of the cerebellum, especially the foetal cerebellum was quite sensitive. More studies are recommended to support the hypothesis of this study. Also, further clinical researches that support the damaging effect of lead will be needed to confirm the observation of the study. Quantitative measures, such as stereology, and immunostains for the morphology of Purkinje cells, such as calbindin D-28k, are recommended to support the hypothesis of the study. Also, clinical studies dealing with motor coordination changes might confirm the findings of the study.
CONCLUSIONS
In conclusion, this study demonstrated the unsafe effects of Pb exposure in our daily life in general and during pregnancy in particular and the assessment of the developmental toxicity and neurotoxicity in foetuses' due to maternal Pb exposure, which is dosedependent. This also suggests the easy metal transfer through the placenta which results in toxic Pb levels in the developing foetal brain. Clinically speaking, this study was important to demonstrate the beneficial role of some natural antioxidant agents such as garlic in protection against heavy metal toxicities.
